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S T R U C T U R E  AND USE 0^ VERBS 0^ M O T I O N
W. J. M. LEVELT, R. SCHREUDER, & E. H O E N K A M D
N I J M E G E N  U N I V E R S I T V
I Introduct ion
This article outlines in a summary fashion aims, present 
status, and further plans of* a r esea r c h  p r o g r a m m e  on 
the structure and use of m o t i o n  verbs.
One of the ultimate aims o^ a semantic theory is the 
s p e c i f i c a t i o n  and e x p l a n a t i o n  of the relations b e t w e e n  
semantic r e n r e s e n t a t i o n s  and cognitive structures. In 
linguistic t h e o r y  semantic r e p r e s e n t a t i o n s  are formal 
c h a r a c t e r i z a t i o n s  of the i n f o r m a t i o n  conveyed by 
sentences. But linguistic theory is not s e l f - c o n t a i n e d : 
a theory of what we u n d e r s t a n d  should be part and 
parcel of a theory of how we understand.
Verbs of m o t i o n  form an a t t r a c t i v e  domain for the study
w
of such relations b e t w e e n  structure and use. S i t u ­
ations in w h i c h  verbs of m o t i o n  are used have been 
w i d e l y  studied in the p s y c h o l o g y  of p e r c e p t i o n  (Michotte, 
19^6, Heider, 1 9 ^ ,  Johansson, 1973). E s p e c i a l l y  
M i c h o t t e ' s  wor k  is highlv relevant for our semantic
J  U
purpose. Coming from a n e o - K a n t i a n  t r a d i t i o n  M i c h o t t e  
p r o p o s e d  that our innate notions of space and time, such 
as substance, permanence, cau s a l i t y  have their genetic 
origin in the innate structure of perception. Study of 
the p e r c e p t i o n  of m o t i o n  and l o c o m o t i o n  could th e r e f o r e  
lead to the roots of these concepts. M ichotte's 
e x p e r i m e n t a l  m e t h o d  con s i s t e d  of s y s t e m a t i c a l l y  v a r y i n g  
the visual m o t i o n  patterns, and a n a l y s i n g  the s u b j e c t s 1 
d e s c r i p t i o n  thereof. These analyses centered around the
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use o r certain verbs or classes o r verbs, a ma.ior 
instance being the class of causal verbs. In spite of 
the fact that M i c h o t t e  was fully conscious of his experi' 
mental d e p e n d e n c e  U D o n  the verbal reactions of his
Jm  m
subjects (Michotte, 196?), he never u n d e r t o o k  a truly 
linguistic analysis of his s u b j e c t s’ verbs of motion. 
That part of his work remained intuitive.
Such analyses, however, are available in the linguistic 
literature. Though there are several older sources
• *
(e.g. Oollitz, 1931), it seems to have been G r u b e r Ts 
(1 9 6 5 ) work which has r e o p e n e d  the interest in the 
structure of verbs of motion. Like Michotte, G r u b e r  
was not i n t e r e s t e d  in m o t i o n  ner s e t but in more general 
notions which resemble, and are p r o b a b l y  d erived from, 
concrete concepts of p h y s i c a l  motion. A recent e x t e n ­
sion of G r u b e r fs work is to be ^ound in J a c k e n d o f f  
(1976). O t h e r  important linguistic analyses are 
Miller's (197?), and S c h a n k fs (197?).
It is not s u r p r i s i n g  to find that M i c h o t t e ' s  p e r c e p t u a l  
categories, such as causality, direction, velocity, 
r e t u r n  as semantic components in linguistic analyses, 
in spite of the fact that these latter are not based on 
p e r c e p t u a l  arguments. Our r e s e a r c h  p r o g r a m m e  is an 
effort to bridge the gap: it is on the one hand concern ed 
w i t h  a mor e  systematic analysis of linguistic intuiti ons 
about verbs of motion, whereas, on the other hand, it 
tries to link these i n t u i t i o n s  to the actual use of 
such verbs in p e r c e p t u a l  situations, as well as s i t u ­
ations in which infere nce is required. Again, it is 
hoped that some of the m a i n  r esults of this study apply 
more w i d e l y  than to the field of verbs of m o t i o n  alone.
II L i n g u i s t i c  i n t u i t i o n s
I I . 1 A c o i n c i d e n t a l  c l a s s i f i c a t i o n  of verbs of m o t i o n
If one is i n t e r e s t e d  in the use of m o t i o n  verbs, one 
w o u l d  like to know the c o n d i t i o n s  u n d e r  w h i c h  such 
verbs can be used. The semantic r e p r e s e n t a t i o n  of a 
p a r t i c u l a r  verb should in some way or a n o t h e r  express 
the i n f o r m a t i o n  which, if present in the i n t e r p r e t a t i o n  
d o m a i n  of the use, makes the verb, or b e t t e r  the 
s e n t e n c e  c o n t a i n i n g  it, a true statement. This i n t e r ­
p r e t a t i o n  d o m a i n  can be a p e r c e p t u a l  situation, but 
also a c o n c e p t u a l  s t r u c t u r e  w h i c h  is less d i r e c t l y  
r e l a t e d  to the real world.
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G r u b e r  (1 9 6 5 ) has p r o p o s e d  that some of the essential 
i n f o r m a t i o n  expressed by verbs of m o t i o n  is about the 
m o v i n g  t h e m e , the source it comes from and the goal it 
goes to. For a subset o f these verbs there is further 
i n f o r m a t i o n  about the agent which causes or nermits the 
theme to move. V e r k u y l  Cl976) elaborates these notions 
in m uc h  more detail. Here we will limit ourselves to 
m a k i n g  a gross c l a s s i f i c a t i o n  of m o t i o n  verbs, which 
will be m a i n l y  based on relations of co-reference 
b e t w e e n  the .iust-ment ioned entities figuring in Gruber Ts 
system of thema t i c  relations. But before we go into 
this, it should be noticed that not all verbs of 
m o t i o n  involve the change o^ location which is expressed 
in Gruber's schema.
Verbs like t r e m b l e , s h r i n k , m i x  do not have Miller's 
(197?) t r a v e l - c o m p o n e n t , or Sc han k ' s  (1973) DTRANS, but 
it would be c o u n t e r - i n t u i t i v e  to exclude them as verbs 
of motion. T h e r e f o r e  the following p r e l i m i n a r y  d i s t i n c ­
tion is made:
(i) T r a n s p o s i t i o n  vs. n o n - t r a n s p o s i t i o n  verbs
N o n - t r a n s p o s i t i o n  verbs express that the theme is in 
m o t i o n  at a c e r t a i n  fixed location. This is, of course, 
not a m a t h e m a t i c a l  point, but a r e g i o n  w h i c h  is c o n c e p ­
tually not further partiti o n e d .  This latter criterion 
is s u f f i c i e n t l y  vague to allow for some d o u b t f u l  cases. 
An instance is the a i r p l a n e  circles over the t o w n , where 
one might c o n s i d e r  such a r e g i o n  as unp a r t i t i o n e d ,  
m a k i n g  circle a n o n - t r a n s p o s i t i o n  verb, or a d i f f e r e n ­
t i a t e d  area m a r k e d  by towers, high buildings, or clouds. 
If u n d e r  this latter c o n c e p t u a l i z a t i o n  the verb could 
still be used, circle w o u l d  (also) be a t r a n s p o s i t i o n  
verb .
We d e c i d e d  to dev ise a l inguistic test to d e t e r m i n e  
w h e t h e r  a verb is a t r a n s p o s i t i o n  verb. Since t r a n s ­
p o s i t i o n  verbs involve the change of one loca t i o n  to 
another, it should be p o s s i b l e  to conceive of a third 
l o c a t i o n  w h e r e  the theme can be in the m e a n  time. The 
test can, t h e r e f o r e ,  be the f o l l o w i n g  simple c o m p l e t i o n  
task: MT h e y  v e r b e d  (X) via w h e r e  the subject has
to invent a l o c a t i o n  at the p l a c e  o^ the dots. There 
is an o p t i o n a l  X for t r a n s i t i v e  verbs.
This s o - c a l l e d  v i a -test was a p p l i e d  in an experiment, 
w h e r e  t w e n t y  subjects were ask^d to find c o m p l e t i o n s  
for 157 D u t c h  verbs of motion. * They were told that 
this w o u l d  not always be possible, but they were invited
to try.
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Figure 1 summarizes the results. For most verbs (nearly) 
all, or (nearly) none of the subjects were able to find 
an ap propriate completion. That is, the test rather 
neatly d i c h o t o m i z e s  the set o^ verbs into a t r a n s p o s i t i o n
V  A.
and a n o n - t r a n s p o s i t i o n  class. Some typical examples of 
both classes are given in the figure. It should be 
noted that these are t r a n s l a t i o n s  f’rom Dutch, and it is 
more the rule than the e x c e p t i o n  that no straight one-to- 
one t r a n s l a t i o n  is possible.
TEST OF T R A N S P O S I T I O N  (P T R A N S ) :
15
10
5
o
20 15 10 5 o
+ PTRANS: 
approach, bring, climb, 
creep, escape, fly, go, 
lead, proceed, push, reach, 
roll, row, run, rush, sail, 
shuffle, travel, trudge, 
w a l k .
-PTRANS: 
brake, kneel, separate, 
shiver, shudder, shock, 
shrink, split, stoop, 
stretch, swell, tremble, 
wrap, yawn.
F i g u r e  1 : P e r c e n t a g e  of verbs judged as t r a n s ­
p o s i t i o n  verbs as a f u n c t i o n  o^ n u m b e r  of subjects.
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(ii) Agent i v e  vs. n o n - a g e n t i v e  verbs
T r a n s p o s i t i o n  verbs can be agentive or not. In 
John t h r e w  the b a l l , John is the agent c ausing the 
t h e m e T s ( b a l l ) m o t i o n . In the ball fell in the water 
there is no such agent. In most linguistic studies 
two forms of agentive action are d i sti nguished. One is 
always called causation, the other is denoted by 
p e r m i s s i o n , a l l o w a n c e , or the like. In John threw the 
b a l l , John is taken to be a causat ive agent: John by 
some actio n generates the m o t i o n  of the ball. In John 
r e l e a s e d  the b i r d , however, John stops p r e v e n t i n g  the 
bird's own motion. R elease is a p e r m i s s i v e  verb, like 
d r o p . J a c k e n d o f f  (1976) introduces a function LET in 
the semantic r e p r e s e n t a t i o n  of p e r m i s s i v e  verbs. (In 
Dutch drop has to be t r a n s l a t e d  by laten v a l l e n , i.e. 
let f a l l ).
At this point it should be n oticed that M i c h o t t e  (19^7), 
on c o n v i n c i n g  e x p e r i m e n t a l  grounds, m a k e s  a d i s t i n c t i o n  
b e t w e e n  m o v i n g  objects w h i c h  are p e r c e i v e d  as "being 
d i s p l a c e d”, and objects w h i c h  seem to have "proper 
m o t i o n " .  Only the first p e r c e p t u a l  structu re allows for 
a c a u s a t i v e  agent, i.e. for p e r c e i v e d  causality.
M i c h o t t e ' s  c l a s s i c a l  case is e n t r a i n i n g  (i.e. pushing), 
w h e r e  object A m o v e s  t o w a r d s  a s t a t i o n a r y  object B; at 
r e a c h i n g  it A con t i n u e s  m oving,  "pushing" B along. Here 
B is not seen to have p r o p e r  motion: it is simply d i s ­
placed, p a r t i c i p a t i n g  in A's p r e - e x i s t i n g  motion. Here, 
a c c o r d i n g  to Michotte, t h e r e  is g enuine p e r c e p t i o n  of 
causality. But if an object has "proper m o t i o n "  all the 
time, i.e. does not p a r t i c i p a t e  in a n o t h e r  o bject's 
m o t i o n  at any time, c a u s a l i t y  is not p e r c e i v e d .  A case 
is the p e r c e p t i o n  of b r a k i n g  (Levelt, 196?) w h e r e  a 
s p e e d y  m o v i n g  object gets "stuck" in a c e r t a i n  d i f f e r e n t l y  
c o l o u r e d  r e g i o n  of the field. Here subjects do report 
b r a k i n g  of the object by the c o l o u r e d  area, but M i c h o t t e  
(1963) gives a r g u m e n t s  to s uppose that in these and 
s i m i l a r  cases like releasing, and t r i g g e r i n g ,  there is 
only i m m e d i a t e  p e r c e p t i o n  of d e p e n d e n c e ,  not of c a u s a l ­
ity. If s u b j e c t s  use causal verbs in t h e s e  cases it 
can be the l a n g u a g e  i t s e l f  w h i c h  is to blame: "We should 
b e a r  in m i n d  that o r d i n a r y  l a n g u a g e  t o t a l l y  lacks 
p r e c i s i o n  in this point, and that in o r d i n a r y  d i s c o u r s e  
we c o n t i n u a l l y  c o n f u s e  cause and c o n d i t i o n . "  (p. 367). 
W h a t e v e r  the t r u t h  in this statement, M i c h o t t e ' s  d i s ­
t i n c t i o n  b e t w e e n  p e r c e p t u a l  c a u s a t i o n  and m e r e  p e r ­
c e p t u a l  d e p e n d e n c e  seems to p a r a l l e l  the l i n g u i s t i c  
d i s t i n c t i o n  b e t w e e n  c a u s a t i v e  and p e r m i s s i v e  agents.
Onl y  a g e n t i v e  verbs a l l o w  for i n s t r u m e n t s .  It is the
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agent which uses an instrument in b r i n g i n g  about the 
theme's motion. N o n - a g e n t i v e  verbs like fall will never 
carry an instrument in their semantic representati ons.
It is less clear w h e t h e r  both causative and p e r m i s s i v e  
verbs allow for instruments. J a c k e n d o f f  (1 9 7 6 ) gives 
an a p p a r e n t l y  posit i v e  example for the p e r m i s s i v e  
verb r e l e a s e : David released the bird from the cage with 
a coat h a n g e r . However, J a c k e n d o f f  gives arguments for 
the s u p p o s i t i o n  that the coat hanger is not an i n s t r u ­
ment for releasing, but for an u n e x p r e s s e d  causative 
action, namely o p e n i n g  the cage. This causative action 
is the m e a n s  (not the instrument) by w h i c h  the bird is 
r e l e a s e d .
We now turn to a further c l a s s i f i c a t i o n  of agentive 
verbs of motion. If source and goal are different 
locations, and if the theme is going from the one to 
the other, it is exclu d e d  that any two of theme, source 
and goal can coincide. However, there is no a priori 
reason why agent could not coincide with theme, with 
source, or with goal. Of course, there is the final 
p o s s i b i l i t y  that none of these c o i n c i d e n c e s  hold. 
Together, these four p o s s i b i l i t i e s  m a k e  a fourfold 
s u b c l a s s i f i c a t i o n  of agent i v e  verbs:
(iii) Agent 5 theme v e r b s . ^
A m a j o r  subclass here is formed by the i n t r a n s i t i v e  verbs 
of l o c o m o t i o n  such as r u n , w a l k , s k a t e , s w i m , etc.
There are also t r a n s i t i v e  verbs in this class, but the 
a g e n t / t h e m e  will never be in the direct object position. 
Examples are l e a v e , e n t e r , and p a s s . ^or these examples 
at least, it should be obvious that the agent is 
optional. In the ball passed m y  h e a d , there is no agent. 
This cannot h a p p e n  wit h  verbs of a u t o - l o c o m o t i o n .  In 
order to prevent c o n f u s i o n  in a later s e c t i o n  (III.l) we 
must make a further r e m a r k  on p a s s . If pass is used in 
the agent = theme sense, it is c e r t a i n l y  causative. 
Michotte, however, w o u l d  never call pass a c a u s a t i v e  
verb. The good r e a s o n  is that t h e r e  is no causal 
r e l a t i o n  b e t w e e n  the a c t i v i t y  of' the agent and the m o t i o n  
of the object b e i n g  passed. It is in this sense that 
we will use pass as a n o n - c a u s a t i v e  verb in III.l. 
Finally, it is our i m p r e s s i o n  that all verbs in the 
present class are causative, and a l l o w  for g e n u i n e  i n ­
struments. The subclass a p p a r e n t l y  e x c l u d e s  p e r m i s s i v e  
verbs .
(iv) Agent = source verbs
Here the m o v i n g  theme d i s p l a c e s  away from the agent.
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Examples a-re t h r o w , f l i n g , k i c k , d r o p . This subclass 
contains both causative and permis sive verbs.
(v) Agent = target verbs
For these verbs the theme should move in the d i r e c ­
tion of the agent. It is hard to find examples in this 
subclass; Attract is one, fetch may be another. Causing 
m o t i o n s  TTfrom a d i s t a n c e” so to say seems to be c o n ­
ceptually hard, as will also appear in the next subclass. 
Agent = target verbs are more natural in the related 
semantic field of i n g e s t - v e r b s , analyzed by Schank (1973); 
examples are s w a l l o w , d r i n k , etc.
(vi) N o n - c o i n c i d e n t a l  verbs (Agent - external verbs)
Agent is different from theme, source and goal in
this subclass. p u s h , t r a n s p o r t , drive (transitive), 
carry are examples. It seems to be the case that for 
most or even all of these verbs the agent moves with 
the theme. Again, it seems hard to imagine causatio n 
of m o t i o n  from a distance. Maybe this will change in 
our era of space travel.
As a summary of this section, figure 2 depicts c l a s s i ­
f i c a t i o n  of verbs of m o t i o n  in a schematic fashion.
VERBS OF M O T I O N
I------------------------------- ------------------------------- 1
T R A N S P O S I T I O N  N O N - T R A N S P O S I T I O N
i------------*------------- 1 (tremble, burst)
AGENT N O N - A G E N T
I (rise, fall)
I I -----------------------1---------------------------- 1
A G E N T  = T H E M E  AGENT k S O U R C E  AGENT = T A R G E T  OTHER 
(walk, run) (throw, toss) (attract, (push,
c o l l e c t ) t r a n s p o r t )
F i g u r e  2 : C l a s s i f i c a t i o n  of verbs of m o t i o n  in terms
of t h e m a t i c  relations.
The c l a s s i f i c a t o r y  p r o p e r t i e s  of m o t i o n  verbs will 
a p p e a r  to be imp o r t a n t  for the way in w h i c h  subjects use 
these verbs in i n f e r e n c e  tasks, as will be d i s c u s s e d  
in S e c t i o n  I I I . 3.
I I . 2 S p e c i f i c i t y  of verbs and the p r i n c i p l e  of m i n i m a l
n e g a t i o n
The s c h e m a  in F i g u r e  2 is an a d m i t t e d l y  very rough 
c l a s s i f i c a t i o n .  Much m o r e  subtle d i s t i n c t i o n s  can be
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made among verbs of motion. Take, for example, the s u b ­
class of agent = theme verbs, and compare run, h o p , and 
s k a t e . It seems that each of these verbs over and above 
its general m e a n i n g  of autolocomotion, has a further 
much more specific m e a n i n g  component: run is used for 
i n d i c a t i n g  speed, hop ror a p a r t i c u l a r  use of the legs, 
and skate for a p a r t I c u l a r  instrument. Moreover, this 
specific, or salient component is p r o b a b l y  the one 
thing which is in the language user's centre of att e n t i o n  
when he or she is using the verb. One does not say the 
children are skating if the i n f o r m a t i o n  to be conveyed 
Ts only that the children are in locomotion. The s e n t ­
ence is used where locomotion is b a c k g r o u n d  i n f o r m a t i o n  
and where the new i n f o r m a t i o n  is the p a r t i c u l a r  i n s t r u ­
ment of motion.
Linguists use diff erent means for r e p r e s e n t i n g  such 
components. J a c k e n d o f f  (1976) uses "restrictive m o d i ­
fication", i.e. the simple a d d i t i o n  of a m a r k e r  to the 
semantic r e p r e s e n t a t i o n . Others would p r e f e r  to add 
such components in the form of higher order predicates.
We are not in a p o s i t i o n  to .iudge the m e r i t s  of these 
different formalisms. Here we onlv want to argue that 
these r e p r e s e n t a t i o n s  should allow for the e x p r e s s i o n  
of what we will call "hierarchies of saliency", a 
notion w h i c h  will be worked out in some detail here.
Verbs, also verbs of motion, vary in complexity. Compare 
move and r i s e . Rise has all componen ts of m o v e  3 but in 
a d d i t i o n  marks upward d i r e c t i o n a l i t y .  R i s e , t h e r e f o r e  
is more complex than m o v e . This a d d i t i o n a l  component, 
moreover, seems to be the salient one, w h i c h  is in the 
language user's centre of a t t e n t i o n  when he or she uses 
or u n d e r s t a n d s  the verb. If one moves from simple very 
generic verbs such as m o v e  and tra vel (in one of its 
readings) to very c o m p l e x  verbs like bounce or d é c é l é r ­
ât e , m o r e  and mor e  components are involved, and the 
obvious q u e s t i o n  then is: w h i c h  of these c o m p o n e n t s  is 
the specific one for this verb, or better: is there a 
h i e r a r c h y  of salie n c y  a m o n g  the m e a n i n g  components, one 
b e i n g  mor e  "typical" for the verb tha n  another? A 
p a r t i a l  answer to this q u e s t i o n  seems to be the 
following: In some cases one m e a n i n g  component entails 
another: b r a k i n g  has a component of d e c e l e r a t i o n ,  which 
implies a component of velocity, w h i c h  in its turn 
implies some form of motion. Such a chain of r e d u n c a n c y  
can p r o b a b l y  be i n t e r p r e t e d  as a h i e r a r c h y  of saliency: 
the m o r e  specific c o m p o n e n t s  are p r o b a b l y  mor e  a v a i l a b l e  
to the la nguage user tha n  the i mplied less specific 
c o m p o n e n t s  (see for a s i m i l a r  argument e s p e c i a l l y  Miller,
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1969). However, this is very partial answer indeed. In 
m a n y  cases components do not have i m p l i c a t i o n  relations 
at all, Compare s w i m : on the one hand the verb expresses 
that loc omotion takes place in the water, on the other 
hand it conveys that the loco motion takes place by 
means of body parts as instrument. There is no redunc- 
ancy b e t w e e n  these two pieces of information, but one 
could still ask which one is the mor e  salient m e a n i n g  
component for the language user. There is an emp i r i c a l  
way to go about this question. It is based on what
N o o r d m a n  and Levelt have called the "principle of
▲  i
m i n i m a l  n e g a t i o n "  (see N o o r d m a n 1s p a p e r  at this c o n f e r ­
ence) which has been i n d e p e n d e n t l y  called the "principle 
of m i n i m a l  change" by S e u r e n  (1976). The basic idea, 
however, is c e r t a i n l y  older, and can for instance be
found in M i l l e r  (1 9 6 9 ).
S e u r e n  shows that, normally, when a listener is given a 
n e g a t i v e  statement he will only make m i n i m a l  changes in 
the k n o w l e d g e  s t r u c t u r e  w h i c h  is relevant for u n d e r ­
s t a n d i n g  the sentence (its " i n t e r p r e t a t i o n  domain").
The liste n e r  who is in an a p p r o p r i a t e  context c o n f r o n t e d  
wit h  John didn't give the book to his b r o t h e r , will 
p r o b a b l y  infer that a c t u a l l y  no t r a n s f e r  took place, or, 
a l t e r n a t i v e l y  - and very m u c h  dep e n d e n t  on p r o s o d i c
C- C  J  4
features of the u t t e r a n c e  - that it was not his b r o t h e r  
to w h o m  it was t r a n s f e r r e d .  W h a t e v e r  the n e g a t e d  e l e ­
ment, the im p o r t a n t  o b s e r v a t i o n  is that it is a single 
one: The l i s t e n e r  will not at the same tim e  infer that 
it was in fact n e i t h e r  Joh n  nor the book that were 
involved, or s i m i l a r l y  for other combinations of elements.
N o o r d m a n  and L e v e l t fs e x p e r i m e n t s  show that also for 
lexical n e g a t i o n  there is a p r i n c i p l e  of m i n i m a l  change. 
The e x p e r i m e n t s ,  i n v o l v i n g  the n e g a t i o n  of k i n s h i p  terms, 
c l e a r l y  show that subjects change one m e a n i n g  component 
at a time.
In i n f e r e n c e  tasks w h e r e  they m a y  c o r r e c t l y  con cl u d e  
from not f a t h e r  to e i t h e r  uncle, m o t h e r  or aunt, they 
n e v e r  give aunt as a response.  Aunt d i f f e r s  m  two 
c o m p o n e n t s  from f a t h e r : sex and parency, w h e r e a s  uncle 
and m o t h e r  i n v o l v e  only a o n e - c o m p o n e n t  change. S i m i l a r -  
ly, uncle is evaded as a r e s p o n s e  in i n f e r e n c e s  from 
not m o t h e r ; here father and aunt are the p r e f e r r e d  
r e s p o n s e s .
How can this p r i n c i p l e  of m i n i m a l  n e g a t i o n  be used for 
d e t e r m i n i n g  r e l a t i v e  s a l i e n c y  of m e a n i n g  c o m p o n e n t s ?
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The answer is based on the a s s u m p t i o n  that it is the 
most salient component which is the probable candidate 
for change under negation. We have described a salient 
component as a component which is typical, specific, 
highly available; it easily gets into the foreground 
of attention. The a s s u m p t i o n  adds that it is this 
foreground component which is most likely the one to 
be affected by negation.
Apply i n g  this to the kinship terms, Noordman and Levelt 
have found that for father p arency is far more salient 
than sex (most subjects gave uncle rather than m o t h e r  as 
a response in the above m e n t i o n e d  inference t a s k ) . For 
m o t h e r , however, sex and p arenc y are about equally 
salient (father and aunt are about equally frequent
responsesTT
The empirical procedure, then, w h i c h  we pronose for 
d e t e r m i n i n g  the most salient m e a n i n g  component of a 
m o t i o n  verb is to negate the verb and to register the 
subject's interpretation. More specifically, we 
p r e s e n t e d  subjects with the incomplete sentence "They 
do not verb (X) , but they ..." and they were requested 
to find an a p p r o p r i a t e  completion. (X stands for an 
optional direct object.)
Take again ski as an example. ^resented with They do 
not ski, but they . .., most subjects reacted with 
s k a t e , i n d i c a t i n g  that the most salient component is 
the instrument Ts k i T, which is changed into instrument
1 s k a t e I s ) f .
We have applied this p r o c e d u r e  to our 157 verbs of 
motion. Twe nty subjects did the completi on test for each 
of these verbs. For each of the verbs the twenty 
completions were c a t e g o r i z e d  in ( n e a r - )synonymous 
groups. The complete results will be repor t e d  e l s e ­
where, here we will limit to a few observations:
Figure 3 gives the frequency d i s t r i b u t i o n  of the 
largest group size. For instance, for travel 9 subjects 
complete wit h  stay h o m e , all other r e a c t i o n s , like 
w a n d e r  are p r o d u c e d  by smaller numbers of subjects.
The largest group for t r a v e l , therefore, has size 9.
This same size 9 is reached by 17 verbs in the sample, 
w h i c h  can be read from the figure. It appears from the 
figure that the m e d i a n  m a j o r  group size is 7. For the 
m e d i a n  verb one third of the subjects give the same 
reactions under negation. The completions, therefore, 
are far from random, and in fact fairly systematic. A 
typical m e d i a n  verb is w e n d e n  (to t u r n , e s p e c i a l l y  a
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car, a ship, etc.). The 7 completions are to _go (or) 
drive on s t r a i g h t . It is the d i r e c t i o n a l i t y  component 
which is affected by n e g a t i o n  here: change of direction 
seems to be the salient component of turn. There are 
verbs at both sides of the median. At the right side 
are the verbs which we will call s p e c i f i c : their most 
salient m e a n i n g  component is m u c h  mor e  salient than 
any of the others.
N U M B E R  OF S U B J E C T S  IN L A R G E S T  R E S P O N S E  C L A S S
F i g u r e  3 : f r e q u e n c y  d i s t r i b u t i o n  of largest response
class in n e g a t i o n  test.
Examples are ascend (19 completions d e s c e n d ) , come ( 1 8  
g o ), open ( 1 8 c l o s e ), arrive ( 1 6 d e p a r t ) , seesaw (l6 
s w i n g T j as well as all the inverses of these. In man y  
of these cases the salient component is d i r e c t i o n a l  in 
some way or another, but also instrument is often 
involved (like in s e e s a w ) , or size (swell - s h r i n k ) .
At the other side of the m e d i a n  there are the less 
specific verbs: two or more of t h e i r  components are 
close in saliency. Examples are swim (6 d i v e , 4 r o w ) , 
throw (5 c a t c h , 3 f l i n g ) , follow (6 l e a d , 5 s t a y ) .
It should be added, however, that there may also be 
specific verbs at this side of the median. If the
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salient feature is an instrument or means, like in p o u r , 
the subject may replace it by a variety of other i n s t r u ­
ment or means. ^or pour we find sprinkle (6), spirt (3), 
spray (3). p o u r , therefore is a rather specific verb. 
However, in order to make this inference, one must have 
explicit ideas about the component involved. In other 
words, one cannot at the same time use the negation 
test as a discovery procedure, and as a means for 
d e t e r m i n i n g  the saliency of components, except where 
subjects frive equal or about equal reactions. A 
similar p roblem arises when we ask the question whether 
the principle of m i n i m a l  negation works in this test.
The decision whether one or more components are changed 
under negation depends on the d e f i n i t i o n  of components. 
However, at scanning the most frequent type of c o m p l e ­
tion for the different verbs, we have not found a 
single case where, on intuitive grounds, that c o m p l e ­
tion differed in more than one component from the 
original verb meaning. Less frequent react i o n  types
do show multiple feature changes in certain cases. An
i.
example is d r i v e , where we find walk (6) as first 
reaction type. This is a change of i n s t r u m e n t . The 
second react i o n  type is sail (5)> also involving change 
of instrument, but m o r e o v e r  a change of medium.
Turning back to semantic r e p r e s e n t a t i o n s  which allow for 
treatment of hierarchies of saliency, it should be 
noticed that none of the existing linguistic systems 
are very natural in this respect. In Jackendoff's way 
of r e p r e s e n t a t i o n  one could, of course, give special 
m a r k i n g  to the modifier(s) or function(s) which is 
(are) salient, but that is a trivial solution. Also a 
solution in terms of predicate h ierarchies seems to be 
somewhat forced since, mostly, components do not have 
i m p licati on relations which are strong enough to 
determine the predicat e hierarchy. We would welcome 
r e p r e s e n t a t i o n s  where the thematic structure of the 
verbs integrates natur ally with its more specific 
semantic aspects.
Ill Use of m o t i o n  verbs
In this section two uses of m o t i o n  verbs will be 
discussed. The first is the use in p e r c e p t u a l  v e r i ­
fication tasks, i.e. in tasks where the subject is 
presented with visual motions, and where the r e a c t i o n  is 
either the choice of a verb out of a set, or a ves/no 
r e a c t i o n  with respect to a single verb. Here some 
experiments and further plans will be discussed. The 
second is the use of m o t i o n  verbs in inference tasks.
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Here only plans are a v a ilable, no experiment al results.
III.l Perceptual v e r i f i c a t i o n  tasks
In the i n t r o d u c t i o n  it was observed that there 
exist n o t e w o r t h y  c o r r e sponde nces b etween Michotte's 
p e r c e p t u a l  categories and semantic components in 
linguistic analyses of verbs of motion. The e x p e r i ­
m e n t a l  p r o g r a m m e  started out with a set of v e r i f i c a t i o n  
experiments with M i c h o t t e - t y p e  motions such as p u s h , 
l a u n c h 3 p u l l , p a s s , b r a k e , b o u n c e , etc. These e x p e r i ­
ments are reported in van J a a r s v e l d’s (1973) thesis.
Here one of his experiments will be reported in some 
detail since it is one of the typical tests of the 
theory we started out with:
Theory 1 S e q u e n t i a l  e l i m i n a t i o n
The theory describes the d e c i s i o n  process for the s i t u ­
ation where the subject is p r e s e n t e d  with a visual 
m o t i o n  and has to make a choice among n alternative 
verbs, one of which is a correct d e s c r i p t i o n  of the 
m o t i o n  picture. The theorv can be extended to the one-
L  t /
verb yes/no d e c i s i o n  task.
The theory states that the u n d e r l y i n g  d e c i s i o n  process 
has a t r e e - l i k e  structure: the subject is supposed to 
apply a series of tests to the p e r c e p t u a l  trace. Each 
test involves one semantic component. If the component 
is m-valued, there are m possible outcomes of the test.
For each of the outcomes a further test may be
( /
applied, etc. T e s t i n g  pro ce e d s  until a single verb- 
a l t e r n a t i v e  is left, i.e. the process is self-termin­
ating.
Take as example the set of verbs which was actually used 
in the experiment to be described: M e e n e m e n  (a rather 
generic t e r m  for M i c h o t t e ' s  e n t r a i n , we will translate 
it by take a l o n g ) , p a s s e r e n  (p a s s )~ w e g s t o t e n  (l a u n c h ) , 
o ph alen (pick u p , c o l l e c t ) . pretests had shown that 
subjects p r e f e r  to use these verbs for d e s c r i b i n g  two- 
obiect m o t i o n s  of the four types shown in ^ierure 4.
I  V  •
Table 1 gives a c o m p o n e n t i a l  analysis for the four verbs 
in terms of two semantic components: causality, and 
(change of) direction. Cau s a l i t y  is two-valued, d i r e c ­
tion three-va lued. If it is supposed that the subject 
s u c c e s s i v e l y  applies p e r c e p t u a l  tests related to these 
components, and if the p r o c e d u r e  is self-terminating, 
there are two p o s s i b l e  d e c i s i o n  trees. They are 
p r e s e n t e d  in Figure 5. They only differ with respect 
to the order of testing, but they predict rather
T
I
M
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meenemen (take along)
si/ wegstoten (launch)
passeren (pass)
ophalen (pick-up)
Figure 4 : M o t i o n  patte r n s  with t h e i r  p r e f e r r e d
verbal d e s c r i p t i o n  as used in van J a a r s v e l d ' s  (1973) 
e x p e r i m e n t .
Table 1 C o m p o n e n t i a l  analysis of four verbs
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VERB CAUSAL D I R E C T I O N  0^ A AFTER
IMPACT
1 take along + +
2 pass — +
3 launch + 0
4 pick up + -
different patt e r n s  of r e a c t i o n  times: the first tree 
predi c t s  that pass will be decided quicker than the 
other three verbs. The second tree predicts that 
launch and pick up are the fastest to decide on. This 
should suffice to e x e m p l i f y  the theory.
F i g u r e  5 : D e c i s i o n  trees for the verbs: ntake along",
" l a u n c h”, "pass" and "pick up".
Apart from the two d e c i s i o n  trees d e r i v e d  from T a b l e  1, 
van J a a r s v e l d  d erived four mor e  by a d d i n g  a second 
d i r e c t i o n a l  feature i n v o l v i n g  object B. All six 
t h e o r i e s  wer e  put to test in an e x p e r i m e n t  where subjects
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had to make a forced choice between the four verbs.
Each verb corresponded to a p r o t o t y p i c a l  m o t i o n  (see 
Figure 4); all motions were identical up to the moment 
of impact, and all differed from then on. Of each 
m o t i o n  8 variants were created: four variants were 
slight s p a t i o-tempo ral variations, four other variants 
were the mirro r images of these (i.e. starting from 
right, going to left). The 4x8 different m o t i o n  patterns 
were presented in random order on the screen of a 
Vector-General, connnected to a DD D 11/45. The objects 
A and B were d i f f e r e n t l y  striped r e c t a n g u l a r  forms. The 
subject was seated before the screen with his index 
finger on a rest-button. After each p r e s e n t a t i o n  he or 
she left the button for one of the four r e a c t i o n  keys.
In order to prevent lifting the finger before a 
d e c i s i o n  was made, catch trials were introduced. They 
consisted of m o t i o n  pa tte r n s  also starting out with A 
a p p r o a c h i n g  B, but then A simply stopped. Subjects were 
i n s t r u c t e d  not to lift their finger in such cases. 
React i o n  times were m e a s u r e d  from the moment of impact 
to the lifting of the finger. R e s p o n s e s  were recorded; 
error rate was smaller than 5 %• The experiment was 
repeated 10 times in s u c c e s s i o n  for each subject.
Twenty subjects served in the experiment.
Figure 6 presents the average r e a c t i o n  times for the 
four verbs (correct reactions) over the ten r e p e t i t i o n s  
of the experiment. The p a t t e r n  is fairly consistent: 
the mean R T fs of the four verbs are all highly s i g n i f i ­
cantly different. O rder ed from long to short they are 
take a l o n g , pick u p , pass 5 l a u n c h . The result could 
not have been worse for the theory: none of the six 
patterns of r e a c t i o n  times are in agreement with this 
rank order. This result, combined with several other 
e x p e r i m e n t a l  failures, forced us to r e c o n s i d e r  the 
t h e o r e t i c a l  s t a r t i n g  point of these experiments.
Theory 2 T e s t i n g  the salient component
There were several findings in van J a a r s v e l d ' s  e x p e r i ­
ments w h i c h  ind i c a t e d  a d i f f e r e n t  d i r e c t i o n  of t h e o r i ­
zing. Take a l o n g  (meenemen) is a r a t h e r  generic verb 
in Dutch which can be true for a large v a r i e t y  of 
m o t i o n  patterns. The i n t e r e s t i n g  f inding was that in 
the above exper iment take along p r o d u c e d  the longest 
r e a c t i o n  time, but not only there, also in free n a m i n g  
experimen ts. Moreover, it a p p e a r e d  that also other 
generic verbs like meet and d i s a p p e a r  gave r a t h e r  long
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Figure 6 : Average r e a c t i o n  times for the four verbs 
over ten r e p e t i t i o n s  of the van J a a r s v e d d  (1973) 
e x p e r i m e n t .
r e a c t i o n  times in free n a m i n g  situations. This does 
not seem to be a f r e q u e n c y  affect as t h e s e  mor e  generic 
verbs have a hig her f r e q u e n c y  count than more specific 
verbs as pick u p , pass and l a u n c h . (Uit den Boogaart, 
1975) Could it be D o s s i b l e  that subjects find it 
easier to p r o d u c e  and verify specific verbs tha n  n o n ­
specific verbs?
At this point in the project, i n t e r n a t i o n a l  c o o p e r a t i o n  
came to our help. Dr. J o h n s o n - L a i r d  asked us to help 
him run an e x p e r i m e n t  on m o t i o n  v e r i f i c a t i o n  which 
could e a s i l v  be done on our system. His interest was
kJ  v /
in p o s s i b l e  d i f f e r e n c e s  in v e r i f i c a t i o n  r e a c t i o n  times 
for simple and c o m p l e x  verbs. The b a c k g r o u n d  of that 
i n t e r e s t  is not at issue here; it will be di scussed, 
t o g e t h e r  w i t h  the d e t a i l s  of the e x p e r i m e n t ,  in an 
i n d e p e n d e n t  p u b l i c a t i o n .  Here only one result of the 
e x p e r i m e n t  wil l  be m e n t i o n e d  w h i c h  is e s s e n t i a l  for the 
just m e n t i o n e d  t h e o r e t i c a l  que s t i o n .  In the e x p e r i m e n t  
19 pairs of simple and c o m p l e x  verbs were used. The 
m e a n i n g  of the c o m p l e x  verb always i m p l i e d  the m e a n i n g
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of the simple verb, so for instance rise and m o v e 5 fall 
and t r a v e l . That is, the complex verb always had an 
a d d i t i o n a l  feature. If both verbs applied to a 
certain p e r c e p t u a l  event, the c om plex verb could t h e r e ­
fore be a more specific d e s c r i p t i o n  of that event. The 
way in which it w o u l d  then be p o s s i b l e  to u n d e r s t a n d  
that specific verbs could be easier to verify than 
generic verbs is de pic t e d  in the flow d i a g r a m  of 
Figure 7. It d e s c r i b e s  the process involved in v e r i f y ­
ing a verb which is p r e s e n t e d  to the subject right after 
p r e s e n t a t i o n  of a m o t i o n  pattern. The idea is that the 
p e r c e i v e r  stores the p e r c e p t u a l  event, but has his 
a t t e n t i o n  d i r e c t e d  to the most pregn a n t  feature of that 
event: here any s t r i k i n g  p e r c e p t u a l  Oestalt q u a l i t y  m a y  
figure: symmetry, force of impact, speed, etc. Also 
the p e r c e i v e r  stores the verb and directs his a t t e n t i o n  
towards the salient m e a n i n g  component (in sense d e s c r i b e d  
a b o v e ) .
The subject then makes a c o m p a r i s o n  b e t w e e n  p e r c e p t u a l  
feature and salient component. It is first d e c i d e d  
w h e t h e r  the p e r c e p t u a l  feature is in the d o m a i n  of the 
m e a n i n g  component, and if yes, w h e t h e r  t h e i r  values 
match. This latter is not the case, for instance, if 
there is high speed p e r c e p t u a l l y  w h e r e a s  the salient 
speed component of the verb has the value Tl o w r . What 
h ap pens if the p e r c e p t u a l  feature is not in the d o m a i n  
of the salient m e a n i n g  c o m p o n e n t ?  T h e n  the subject has 
to check back and find a n o t h e r  feature of the p e r c e p t u a l  
event to w h i c h  he has not yet attended, but w h i c h  c o r r e s ­
ponds to the salient component of the verb.
Let us now take m o v e  and ris e  as e x a m p l e s  of simple and 
c o m p l e x  verbs. The subject is p r e s e n t e d  w i t h  an object 
m o v i n g  up from the b o t t o m  of the screen, and t h e n  w i t h  
the verb r i s e . ^regn a n t  p e r c e p t u a l  feature is u p w a r d  
directi on, salient compone nt of rise is d i r e c t i o n a l i t y ,  
w i t h  value ’u p w a r d 1 . The c o m p o n e n t  c o r r e s p o n d s  to the 
feature, the values match, and the r e s p o n s e  is "true".
Now c o n s i d e r  m o v e . The same m o t i o n  p a t t e r n  is p r e s e n t e d ;  
the a t t e n t i o n  g e t t i n g  feature is a g a i n  u p w a r d  d i r e c t i o n .  
The salient com p o n e n t  of the verb, however, does not 
c o r r e s p o n d  to this, it is s o m e t h i n g  like ?+ d i s p l a c e m e n t’, 
and the p e r c e i v e r  has to r e d i r e c t  his a t t e n t i o n  to this 
d i s p l a c e m e n t  aspect of the m o t i o n .  Only t h e n  it is 
p o s s i b l e  to j u d g e  w h e t h e r  !+ d i s p l a c e m e n t’ is true for 
the p e r c e p t u a l  event. P r e d i c t i o n ,  t h e r e f o r e ,  is that 
the c o m p l e x  verb wil l  take less r e a c t i o n  time to v e r i f y  
t h a n  the simp le verb. This p r e d i c t i o n  is somewhat 
c o u n t e r - i n t u i t i v e  in the light of what is k n o w n  about
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mot î on verb
store
perceptua1 store verb I
event 1
extract find sali ent
pregnant
feature 
plus value
component 
plus value
"  ' " f  "  ■ -
no
true
fa 1 se
find motion feature 
corresponding to component
F i g u r e  7 : F l o w  d i a g r a m  of v e r i f i c a t i o n  p r o c e s s  of
m o t i o n  verbs.
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v e r i f i c a t i o n  times for simple and complex s e n t e n c e s .
So far v e r i f i c a t i o n  times for ’true" responses.
What about "false"? Imagine the subject to be presented 
with a stationary object (e.g. an 0). If the verb is 
r i s e , there will n e c e s s a r i l y  be a m i s m a t c h  between 
salient m e a n i n g  component (directionality) and attention 
getting feature of the percept (certainly not d i r e c t i o n ­
ality): r e d i r e c t i o n  of att e n t i o n  is needed, and the 
reaction time will be r e l a t i v e l y  long. But now for move 
The critical q u e s t i o n  is whether the displac e m e n t  c o m ­
ponent of move corresponds to the dominant perceptua l 
feature of the stationar y object. This would be the 
case if the stationary object would have as its most 
pregnant p e r c e p t u a l  feature ’no d i s p l a c e m e n t’. This, 
however, is very unlikely. Clark & Chase (1972) argue 
on convincing grounds that p e r c e p t u a l  coding will 
normally be positive. The pregnant Gestalt prope r t y  of 
our object will be someth ing like ’r o u n d’ or ’c i r c u l a r’, 
and this produces a m i s m a t c h  for the displa c e m e n t  c o m ­
ponent of m o v e . Here also, then, r e d i r e c t i o n  of 
attention to another aspect of the percept (its 
s t a t i o n a r i t y ) is necessary in order to verify the verb. 
For "false" responses, therefore, the p r e d i c t i o n  is 
that r e a c t i o n  times will not differ for simple and c o m ­
plex verbs.
The experiment was run in N i j m e g e n  with 20 native 
speakers of English as subjects. For each of Johnson- 
L a i r d’s 19 pairs of verbs one p e r c e p t u a l  event was made 
where they were both true, and one p e r c e p t u a l  event 
where they were both false. So, in fact, each subject 
mad e  76 true or false judgements.
Of the results we only m e n t i o n  the one which is relevant 
for the present considerations: in agreement with the 
p r e d i c t i o n s  there was a s i g n i f i c a n t l y  ( p < 0 . Q i )  longer 
r e a c t i o n  time for simple verbs than for c omp lex verbs 
in case of "true". For "false" there was no significant 
d i f f e r e n c e  b e t w e e n  simple and complex verbs. But it 
should be r e m a r k e d  that these results have to be taken 
wit h  caution: different pairs of verbs behaved r a t h e r  
differently, and there is a general, thoug h n o n - s i g n i f i ­
cant t e n d e n c y  for complex verb r e a c t i o n  times to be 
shorter also in case of "false". F u r t h e r  e x p e r i m e n t s  
are n e c e s s a r y  (and are in the p l a n n i n g  stage) to s u b ­
stantiate these results.
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III.? Human locomotion
At the b e g i n n i n g  o f the project, when a sampling 
o p Dutch motion verbs was made (see Schreuder, I Q 7 6 ), 
it was at once clear that most of these verbs could 
indicate human patterns o^ motion, and that a s u b s t a n ­
tial part of the verbs snecif icallv referred to human
1« «  I
locomotion. D i s t i n c t i o n s  here are highly subtle: 
shuffle and s h a m b l e » limp and h o b b l e , j og and t r u d g e .
The extent of this v o c a b u l a r y  suggests that variations 
in gait are ext r e m e l y  important in daily life. They 
may signify moods, intentions, individual styles, etc.
These c o n s i d e r a t i o n s  led to the decis i o n  to p*ive 
special att e n t i o n  to human locomotions in the project.
For this it would be n e c e s s a r y  to venerate and m a n i n u l a t e
X J  • v  1
human locomotions as stimuli for v e r f i c i a t i o n  and naming 
tasks. P e r c e p t u a l  studies of human m o t i o n  hardly 
exist, and for a simple reason: locom otion patterns are 
highly complex natural stimuli which are very hard to 
control experimentally.
A m a r k e d  e x c e p t i o n  is J o h a n s s o n’s (1Q73) b e a u t i f u l  study
s . ^
on the visual p e r c e p t i o n  of b i o l o g i c a l  motion. J o h a n s s o n  
d e v e l o p e d  various t e c h n i q u e s  to regis t e r  the m o t i o n  
patterns of humans. One of them consisted in a t t a c h i n g  
light spots to the joints, and then m a k i n g  film r e g i s ­
trations in the dark. If shown to subjects such patterns 
were i m m e d i a t e l y  r e c o g n i z e d  as human gait, even the 
p r e s e n t a t i o n  time was no more than 100 ms. Vie have 
a da pted this m e t h o d  in order to be able to m a n i p u l a t e
1  a .j .
the r e g i s t e r e d  m o t i o n s  bv computer. (Johansson h imself
'  ^  1 *•
d e v e l o p e d  a r a t h e r  dif f e r e n t  m e t h o d  for the same pur-
6
pose.) It con s i s t e d  of u s i n g  infrared light sources 
( L E D’s actually) to attach to the joints (shoulder, 
elbow, wrist, hip, knee, and ankle of the right side, 
and elbow, wrist, knee and ankle of the left side).
These L E D ’s switched on and o p f in turn in a very 
rapid cycle (1000 Hz.). A so- c a l l e d  Selspot camera 
r e g i s t e r e d  the c o o r d i n a t e  of each of the L E D ’s at each 
s u c c e s s i v e  cycle, and x and y signals were d i g i t a l i z e d  
and fed in the PD P 11/45 for further processing, 
f u r t h e r  t e c h n i c a l  details can be found in H o e n k a m p  
(1976). A list of 46 verbs was m a d e  (like s t r o l l , t r i p , 
l i m p , hop, race, etc.), and an actress was p r o v i d e d  ^ 
wit h  this list some two weeks b e f o r e  the registration.' 
B e c a u s e  of the i n f r a r e d  system, the r e g i s t r a t i o n s  could 
be mad e  in daylight, w h i c h  mad e  it p o s s i b l e  to s i m u l t ­
a n e o u s l y  m a k e  video r e c o r d i n g s  of them. In this way 
we could get an i n d i c a t i o n  of the q u a l i t y  of p erform a n c e .
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Five subjects watched the video pattern on monitors 
during the performance. Each of them was provided with 
a list of ten verbs, one of them being the correct one. 
The 45 incorrect ones were distributed over the five 
subjects. I p three or more subjects were able to detect 
which verb was being played, the Selspot r e g i s t r a t i o n  
was kept in the "Motion Library" (i.e. on disc). If 
not, the verb was played again later on. Only five 
verbs could not be recognized even at repeated 
p e r f o r m a n c e .
Various transformations were made of these Datterns.
The most important being the so-called " c o n v e y o r - b e l t " 
transformation. This consists of taking one full phase 
out of a periodic m o t i o n  pattern, choose a t r a c k i n g  
frame of reference, and connect end and b e g i n n i n g  of the 
movement. Looking at such a p atte rn gives the i m p r e s ­
sion of the camera following the actress, so that the 
(invisible) background moves while the actress keeps in 
the middle of the screen. In this way the m o t i o n  
p a t t e r n  can be presented to the subject for any length 
of time. Figure 8 shows the original r e g i s t r a t i o n  and 
the conveyor belt t r a n s f o r m a t i o n  of h o p p i n g . Other
/• \
’r »- • 1
t
4 V
> . •
P  
\
\
• •
¡r *  . 1
• V -
} .  •
0 | V
Lot ,t •
i  •  -  
•  * \  •
4
# • • %  • .  •% T • 1 •* • ••
• I* .. ;  • .4** MHar ^
•  .  '  '  • • • .  *
• #
• • .  
• .
• •
•• r  * |  . • t  • 
• .  • .  .  * f  • • 
%  •  • % 
•  • * * .  ƒ  ’ *  w
*  - ‘» k .  * '  I *
*
.
*  b i
• •
. •...•• • *
r* • ••  . .  . * •
• ••  . .
» * •  
*
»•
• • • .  \
v
: » r
• •
*
* 3 * •« #
%Ct
*• Vv*. *
•# » v 1  . • ••
% r .  ' /  - ' ' V
— > j  < •
%
• «
.  • 
•• • •
• * . •• -  . r  • *  1  - .• t »  • . M  • . » V *
r
t • • 
(
• . a -
vr * • • k * . J v •: •
» • . -  ' .. -C J  , . • .
9 «  ••
> •
-M
• # * . .  1 * • ’• * * i / r r n j i f r  * ,  .
m  3  •  m  '  9* ■
.
•if
■ f -
i f l i w  • / •r.v j . j
* •  d*
. » • H  ^  •
• # V, ' r;;
» . I
d r .
m i
•tfV*
I / 1
• f .
•  «
• %
••
• . V
• ■ jCI ’  •S f > .  •: • ^v >7» • ,» I il I#
a 1
O  T  J
Figure 8 The verb "hop"
left
right
the original p a t t e r n  
the same p a t t e r n  t r a n s f o r m e d  to a conveyor 
belt image (no noise reduction).
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t r a n s formations  are easilv made. Joints can be con-
I*
nected by limbs, joints and limbs can be removed, or 
changed in their m o t i o n  patterns. One can have walking 
feet and running arms, etc. The technique being 
available now, we will soon start verific a t i o n  e x p e r i ­
ments with human locomotions as stimuli.
I I I . 3 Inference tasks
There are man y  tasks involving verbs of motion 
where the salient component has to be ignored by the 
user. His or her attention has to be directed towards 
other aspects of the v e r b’s m e a n i n g  in order to cope 
with the task requirements. Good examples are various 
sorts of inference tasks. Take for instance the s i t u ­
ation where the subject is presented with sentence (1):
(1) John just kicked the ball in the c a n a l .
and the subject is then asked where the ball is just 
after this event. This can be done bv means of sen- 
tenoe (2) :
(2) Where is the b a l l ?
The answer should be "in the canal", but the answer is 
independent of the salient component of kick ("by force­
ful foot mov ements" or the l i k e ) . It would have been 
the same for the sentence (3):
(3) John threw the ball in the c a n a l .
Actually, the answer would be the same for all agent ^  
source verbs and it seems to be onlv dependent on 
relations in the thematic schema of section I I . 1. This 
is especially apparent if one questions the position 
of the ball just before the event, e.g. by sentence (4):
(4) Where was the b a l l ?
Since the source is identical to the agent, the answer 
should be "with John" or some synonymous expression. 
Again, this does not depend on the verb, but on the 
thematic class.
Locative inferences of this sort show an interesting 
i n t e r a c t i o n  b e t w e e n  thematic class and tense of the 
locative q u e s t i o n .
There are two basic semantic questions at stake with 
inferences of this sort. m he first is to show how the 
inference follows from the semantic r e p r e s e n t a t i o n s  of
s
the sentences involved. Rules s p e c i f y i n g  an inference 
in terms of semantic r e p r e s e n t a t i o n s  are called m e a n i n g
% •
rules. J a c k e n d o f f  presents two sets of m e a n i n g  rules. 
The first set he calls rules of (logical) inference.
The two rules required to answer auestions (2) and (4) 
are of this sort. They b a s i c a l l y  say that if a theme 
goes from source to goal, it must have been at the
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source at some time t^ and at the goal at some time t~, 
and t, is before t p . J a c k e n d o f f  does not build tense 
conditions into his rules, which makes it rather c o m p l i ­
cated to handle the ,iust-mentioned t e n s e - d e p e n d e n c y  of 
the inference. T e n s e - d e n e n d e n c y  is nicely treated by 
Stillings (1975) in his account of the m e a n i n g  rules 
involved in inferences about borrow and l o a n . The 
second set of m e a n i n g  rules are rules of invited 
inference, or " i m p l i c a t u r e s M . An invited inference 
would for instance go from John d i d n’t kick the ball to 
the ball d i d n’t m o v e . Here the first sentence could 
very well be true while the second is ralse. But the 
implicature should hold if, on the princ iple of m inimal  
negation onlv the highest pre d i c a t e  is affected bv
Y  T  o
negation. Both sets of inference rules may have orag-
1 /  A.
matic conditions to them. An example is the inference 
of the authors went from Holland to Scotland from the 
authors went from Nijme g e n  to S t i r l i n g  on the pragmatic 
condition that Nijme g e n  is part of Holland and S t i r l i n g
part of Scotland.
i
The secondbasic semantic question is how to relate the 
actual inference b e h a v i o u r  of the language user to these 
m e a n i n g  rules. S t i l l i n g’s (IQ?1!) paper is an exemplary 
study of this question. He uses the s u b j e c t’s reac t i o n
v  *•
times ror solving inferences on borr ow and loan to test 
alternative sets o p m e a n i n g  rules in c o m b i n a t i o n  with 
so-called control pro grammes which control the inference 
pro c e d u r e  by choosing a p p ropriate m e a n i n g  rules at each 
step in the inference.
It is our intention to use S t i l l i n g’s p a r a d i g m  to a n a ­
lyse m e a n i n g  rules for the different classes of m o t i o n  
verbs discussed in section I I . 1.
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Footnot es
1 Sponsored by the N e t h e r l a n d s  O r g a n i z a t i o n  for the 
Advancement of Dure R e s e a r c h  (ZWO).
2 The selection of these verbs is discussed in 
Sch r e u d e r  (1976).
3 = stands for "coincides w i t h”.
4 This c o o p e r a t i o n  was nos si b l e  under the t w i n n i n g  
a r r angeme nt b e t w e e n  the Sussex L a b o r a t o r y  of 
E x p e r i m e n t a l  P s y c h o l o g y  and the Nijme g e n  Unit of 
E x p e r i m e n t a l  P s y c h o l o g y  sponsored by the E T D .
5 We are very grateful to Evelyn Schippers who studied 
these m o t i o n  patterns, and p a t i e n t l y  p e r f o r m e d  them 
d u r i n g  a whole a f t e r n o o n  of registration.
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